Abstract: Some of proteases are added in detergent compounds for removing soil effectively. We focused our attention on bacteriolytic activity of detergent proteases, and found out the superior protease. Its bacteriolytic activity proved to be enhanced with alkaline and calcium binding agents. We thought that it remove microorganisms on garments as well as soil and prevent these microbial metabolism like malodor generation.
Introduction
It is well known that several kinds of bacteria are left on garments after wearing. As shown in Table 1 , several bacteria were isolated and identified from worn garments (1) . Among those strains, some disease-causing ones like Straphylococcus aureus or malodor generating Straphylococcus epidermidis have been found (2) . At the same time when we focus on the number of bacteria left on the worn garments, it was found that as much as 1 10 7 CFUs (colony formation unit)/cm 2 of viable bacteria were left on socks(3). When we take VBNC (viable but nonculturable) bacteria or annihilated one into consideration, much more bacteria must be left on the worn garments.
In such a way, the sanitary condition of worn garments seems to be undesirable. Washing worn garments is very important not only for removing perceivable dirt, but also from the aspect of improving hygiene. For example, the washing temperature in Europe has been generally above 60 that can promise thermal sanitation. On the other hand, that in Japan has been below 30 that could not guarantee heat sanitation, instead, hanging washed laundry outside under the sun and following drying have been common to get sanitation. Uemura reported that she has confirmed living bacteria bound to fabrics decreased their number by sunlight radiation or drying, especially gram negative bacteria were vulnerable to drying (4) (5) .
However, indoor hung drying has become more common recently because of the change in life style. Under this drying condition, it takes long hours to be completed, hence there is a concern that viable bacteria stuck to the laundry might generate malodor substance from the residual soil after washing through their metabolism (6) . Further, the situation in Europe is similar to that of in Japan, because indoor hung drying is not rare there and the washing temperature has also been declining recently due to the energy saving point of view.
Because hypochlorite bleach has excellent bacteriocidal activity, it can be a prospective candidate for inhibiting malodor generation by sterilizing bacteria on gar-
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ments. However, the hypochlorite bleach cannot be applied to all the laundry because of its disadvantage of damaging colored laundry (7) .
Therefore, instead, we focus on removing residual soils and bacteria on the garments by washing in more effectively as a new solution method to prevent malodor generation. For removing microorganisms, we focused our attention on the break down of bacterial flock by bacteriolytic enzymes to make it easier to be removed by washing. The bacteriolytic enzyme is a general name for those which burst bacteria by hydrolyzing cell walls that contribute to keep their shape. There is a peptidoglycan in the cell wall, as shown in Fig. 1 , that consists of sugar chains and their bridging peptides (8) . Lysozyme, well known bacteriolytic enzyme, brings bacteriolysis by hydrolyzing bridging structure of Nacetylglucosamine in a peptidoglycan. Specfic peptidases that generate bacteriolysis by hydrolyzing peptide bonds are also well known. Since proteases have peptide break down activity like peptidases, there is an expectation that some proteases might show considerable bacteriolytic effect (9) .
On the other hand, proteases have already been incorporated in laundry detergents for improving detergency. Proteases provide higher detergency by hydrolyzing protein like collar soil. Subtilisin Carlsberg, an alkaline serine protease, having been used since 1960s and known as Alkalase commercially, can be picked up as a representative example. Many proteases, optimal to specific detergent formulations or to specific washing conditions, have been developed since then (10, 11) .
As explained above, proteases can be expected high detergency and bacteriolytic effect by their peptide decomposition activity. Therefore, if a protease showing high detergency as well as good bacteriolysis can be found, prevention of metabolism for producing malodor will be realized by washing out soils and removing bacteria with bacteriolysis.
In this study we tried to specify proteases that show bacteriolytic activity among those having good detergency for the purpose of preventing malodor generation as described above. We also evaluated the effect of detergent additives to enhance this activity. 
St. epidermidis IFO12993 were used in this study. These strains were inoculated into 100 mL of brain heart infusion medium (Difco Corporation) by using loop and incubated in 500 mL of Sakaguchi flasks for 18 h at 37 with shaking. Cultures were harvested by centrifugation at 4500 g for 5 min at room temperature, and suspended in distilled water and harvested correspondingly twice, and heated for 20 min in boiling water and stocked at 80 . Bacterial susupensions were defrosted and harvested correspondingly and suspended in distilled water again.
Materials and Reagents
Deozyme (12) was obtained from Novozymes Co. Subtilisin Carlsberg was purchased from Sigma-Aldrich Co. Nonionic surfactant (alkylpoly[oxy-ethylene]ethers, EO p=15, C13, abbr. AAO) used was commercial product at Lion Co. Maleric/acryl copolymer was obtained from BASF Co. All other chemicals were obtained from commercial sources. Ethylenediamine tetraacetic acid tetrasodium salt tetrahydrate (EDTA), tri-sodium citrate dihydrate, sodium tripolyphosphate, and MA/AA were used as calcium binding reagents. The water hardness of reaction mixture was adjusted by calcium chloride dihydrate.
3 Measurements 3 1 Assay of protease activity
Protease activity was determined essentially by Anson-Hagiwara's method (13) . To 3 ml of reaction mixture containing 0.6% milk casein and 10 mM boraxNaOH buffer (pH 10.5), 0.5 mL of enzyme solution was added at 35 . After incubation for 10 min, the reaction was stopped by the addition of 3.2 mL of stopper solution consisting of 0.11 M trichloroacetic acid, 0.22 M sodium acetate, and 0.33 M acetic acid (TCA-mixture).
The reaction mixture was kept at 35 for 10 min, and filtered through Toyo filter paper No.131. The absorbance of the filtrate was measured at 275 nm. One unit of alkaline protease activity (1 APU) was defined as the amount of enzyme liberating 1 mg of tyrosine per min under the conditions described above.
2 3 2 Assay of bacteriolytic activity Optical density (OD) of reaction mixture was measured at 660 nm with a photoelectric colorimeter, SPEC-TRONIC 20 (Spectronic Instrument Co.). Reaction mixture was involved 250 ppm each of nonionic surfactant, sodium carbonate, EDTA, water hardness that was adjusted to 30 mg/ mL of CaO by using calcium chloride dihydrate, OD approx. 0.3 of bacterial suspension and 5 APU/ mL of Deozyme. Deozyme was added finally, and OD was measured in a minute (OD initial). It was kept at 25 and measured after 10 min (OD 10 min).
Bacteriolytic activity (%) is according to Huruya's definition (14) 3 Results and Discussion 3 1 Bacteriolytic Characteristics of Deozyme Generally, surfactants, alkalines, and calcium binding agents are incorporated in laundry detergents as basic ingredients. As typical ingredients, 250 ppm each of nonionic surfactant, sodium carbonate, and EDTA were employed and water hardness was adjusted to 30 mg/mL of CaO which is considered to be Japanese average by using calcium chloride dihydrate. The bacteriolysis by proteases were evaluated in the solution above. Bacteria sometimes cause autolysis by an enzyme generated by themselves. It is difficult to control bacterial growth at logarithmic and death phase in which the highest effect of bacteriolytic enzyme can be expected. We used heat treated E. coli of its stational phase in which autolysis was inactivated. Bacteriolytic enzymes could work on it as the same degree as on the other phases in this study. Among detergent grade enzymes, only enzymes showing detergency enhancing effect were evaluated. As a result, among the enzymes evaluated, Deozyme, an alkaline serine protease which is derived from Bacillus sp., was found to be especially effective in bacteriolysis. The pH dependence of Deozyme's bacteriolysis rate is shown in Fig. 2 . At the experiments adjusting pH was done by using corresponding buffer solution and the concentration of Deozyme was set at 5 APU/ mL at which its relative activity was easy to determine. The bacteriolytic rate of Deozyme was about 30% at pH 8 and it increased with increasing solution pH. It showed the highest rate of around 50% at pH 10 to 11, the same range as that of laundry heavy duty detergent solution. From the result, it can be said that Deozyme has suitable pH characteristics for laundry powder detergent. Subtilisin Carlsberg, an alkaline serine protease historically used as a detergent protease, was also evaluated. Since the bacteriolytic activity of subtilisin Carlsberg is low, it was evaluated at 30 APU/mL, 6 times higher as milk casein decomposition activity than that of Deozyme. As shown in Fig. 2 , it shows the rate at about 30%, the same as Deozyme at pH 8. However, the rate decreased as the solution pH increased, hence it underperformed Deozyme at alkaline conditions. Therefore, it is clear that Deozyme is superior to conventional detergent grade proteases in the bacteriolytic effect. Bacteriolytic spectrum of Deozyme was determined with referring bacteria separated from worn garments. As a result, it showed excellent bacteriolytic behavior of exceeding 50% of bacteriolytic rate for all gram negative species used, as shown in Fig. 3 , especially effective for Ps. aeruginosa. On the other hand, it showed higher than 50% of the rate only for St. epidermidis among gram positive bacteria evaluated. It has almost no effect on other gram positive bacteria. Not only infection but also contamination of production facilities by Ps. aeruginosa have become the annoying problems, because it is difficult to be sterilized by pesticides (15) . In this context the application of this knowledge should not be limited to laundry detergents, but that to problems above is highly expected. It can be considered based on its peptide decomposing activity that Deozyme shows bacteriolytic activity by hydrolyzing peptide bonds in peptidoglycan to induce break down of bacteria cell. As shown in Figs. 4 and 5 bacteria (8) . It is supposed to have a multi-layered structure by three dimensional molecular bridging in the gram positives, but a single-layered one by two dimensional bridging in the gram negatives. The reason for Deozyme's high bacteriolytic effect on the gram negatives can be explained that the bacteria are easy to be bacteriolysed, because their sugar chains will be separated once one of their peptide bonds is hydrolyzed due to their single-layered structure of two dimensional bridging. When taking the inferior bacteriolysis by subtilisin Carlsberg to that by Deozyme into consideration, the substrate supecificity of Deozyme is believed to be more suitable for hydrolyzing peptide bonds in peptidoglycan, that is, it has high activity for breaking peptide bonds like Gly-Gly bond or bond with D-amino acids in peptidoglycan, as shown in Fig. 1 . Further it showed high bacteriolytic effect on St. epidermidis among gram positive bacteria. The reason for this phenomenon can be thought that Deozyme is effective for hydrolyzing specific peptide bonds in St. epidermidis. Further investigation must be needed to evaluate the characteristics of Deozyme by applying it to a range of gram positive bacteria.
2 Effect of Detergent Ingredients on
Bacteriolysis The effect of detergent ingredients on the bacteriolysis of Deozyme was evaluated. As shown in Fig. 6 , the bacteriolytic rate was near zero without the ingredients. The addition of the nonionic surfactant has no effect on the rate. However the rate grew to 30% by the addition of the alkaline, further it wet up to 50% by the addition of EDTA there. This result indicates the positive effect of alkaline alone on bacteriolysis, but from Fig. 2 , which describes pH dependence of Deozyme's bacteriolysis, its rate declined to 30% at neutral pH 8 not as low as 0% in Fig. 6 . This difference suggests large contribution on bacteriolysis from EDTA which has calcium binding ability at around pH 8 although there is positive effect of alkaline alone. It has been known that EDTA has a positive effect on bacteriolysis of Lysozyme (16) . From this information the positive effect of EDTA on bacteriolysis seems not to be enzyme specific, rather it can be expected that EDTA provides positive effect on many bacteriolytic enzymes by making structural change of cells. Surfactants have been known to induce bacteriolysis of protoplast or spheroplast even under isotonic conditions by their surface activity. In such a case destruction of phospholipids structure in cell membrane caused by surfactants leads to the bacteriolysis. However, in this case where peptidoglycan having bridging structure to keep the shape of bacteria is present it is hard to think that surfactants induce bacteriolysis by decomposing peptidoglycan. Some anionic surfactants like sodium dodecyl sulfate have calcium binding function in addition to surface activity. These surfactants could not be evaluated under current experimental conditions, because sample solutions turned to be turbid when the surfactants were added. The effect of anionic surfactant is worth to be evaluated in addition to that of nonionic one by adjusting experimental conditions.
Effect of Calcium Binding Agent on Bacteriolysis
Since EDTA improved bacteriolytic rate of Deozyme, the effect of calcium binding agents used commonly in laundry detergents were evaluated. In addition to EDTA, sodium citrate (CA), sodium tripolyphosphate (STPP), and maleic/acrylic copolymer (MA/AA) were evaluated. Zeolite was not the subject of this evaluation because of its turbid nature.
As a result, the calcium binding agents for detergents also showed excellent enhancing effect on the bacteriolysis as shown in Fig. 7 . The bacteriolytic rate was 30% without calcium binding agent, but the rate increased by adding any agent. Especially the effect of MA/AA was amazing with showing the rate of 70% at 250 ppm, followed of that for EDTA and STPP. CA showed the lowest effect. The increase of the bacteriolytic rate by the agents was considered to be derived from their binding calcium ion, but the rate for each agent differed. This phenomena must be examined closely.
Conclusion
Deozyme, an alkaline serine protease, showed excellent bacteriolytic effect. Detergent alkaline and calcium binding agents improved the effect of Deozyme dramatically.
Detergent solution containing Deozyme provides excellent bacteriolysis as well as detergency. The generation of malodor will be prevented at indoor hung drying if bacteria as well as soil were removed efficiently by the solution. 
